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Sex Differences in Cardiovascular
Risk Profile From Childhood to
Midlife Between Individuals Who

Did and Did Not Develop Diabetes
at Follow-up: The Bogalusa Heart

Study

Diabetes Care 2019;42:635-643 | https://doi.org/10.2337/dc18-2029

OBJECTIVE

Childhood and young adulthood may represent time periods in which cardiovas-
cular risk factors (CVRFs) and their cumulative exposure lay the foundation for
future risk of chronic diseases. We examined the longitudinal burden of CVRFs
since childhood in men and women in whom diabetes did and did not develop
at follow-up.

RESEARCH DESIGN AND METHODS

We included 1,530 participants (mean [SD] follow-up time 33.1 [8.2] years), who
participated in the Bogalusa Heart Study and had been examined at least four times
starting in childhood (mean age [SD] at first examination 9.4 [3.1] years). The area
under the growth curve was used as a measure of cumulative exposure to CVRFs
since childhood.

RESULTS

In childhood, boys and girls in whom diabetes did and did not develop at follow-up
had similar CVRFs. Yet, over time, women during the transition from normoglycemia to
diabetes experienced greater adverse changes in total cholesterol (TC), LDL
cholesterol, and fasting plasma glucose (FPG) (noted as early as 23.5 years old
and persisting across adulthood up to the age of the diagnosis of diabetes); a higher
burden of exposure to BMI, TC, LDL cholesterol, and FPG from childhood to midlife;
and a greater change in rates of BMI, TC, LDL cholesterol, and FPG since childhood
than men during the same transition (interaction P values <0.05).

CONCLUSIONS

The greater exposure of women to and burden of CVRFs associated with diagnosis of
diabetes may help to explain the stronger impact of diabetes as a major risk factor
for cardiovascular events in women compared with men.

The burden of cardiovascular disease (CVD) related to diabetes is a major public
health challenge (1). There is a well-recognized CVD risk disparity by sex among
individuals with diabetes (2-5). Women with diabetes are at markedly increased risk
of CVD events compared with women without diabetes, whereas men with diabetes
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are at moderately increased risk com-
pared with men without diabetes. For
example, in the INTERHEART Study, an in-
ternational case-control study including
15,152 case patients and 14,820 control
subjects from 52 countries, women with
diabetes were at a 4.3-fold risk for CVD
events compared with women without
diabetes, whereas men with diabetes
had a little over twice the risk of CVD
events, at 2.7-fold, versus their male coun-
terparts without diabetes (6). More direct
comparisons have also borne out this
excess risk, with larger studies, including
meta-analyses, reporting a 44% greater
risk of incident coronary heart disease
and a 27% greater risk of incident stroke
among women with diabetes compared
with men with diabetes (2,3,7).

Despite these numerous reports of sex
differences in CVD risk among persons
with diabetes, the reasons for the stronger
effect of diabetes on CVD risk in women
compared with men remain unclear. It has
been hypothesized that the higher CVD
risk among women with diabetes is a
consequence either of diabetes inducing
disproportionately greater increase in
cardiovascular risk factors (CVRFs) in
women (8-10) or of the poorer CVD
risk profile in men without diabetes (11).

The majority of previous studies were
conducted in midlife or later and were
based on a single assessment or a few
assessments of CVRFs. The developmen-
tal origins of health and disease hypoth-
esis posits that exposures in early life are
associated with the risk of chronic dis-
eases in adulthood and later life. For the
risk of CVD in later life, this hypothesis is
supported by a large body of evidence
(12-16). Yet, few studies have the ability
to examine prospectively collected risk
factors from childhood through young
adulthood to midlife when the pathology
associated with diabetes and CVD often
culminates over decades. Examination of
these factors by sex could have consid-
erable implications with respect to the
CVD pathogenesis in diabetes and could
inform the design of more targeted and
effective interventions for both sexes. In
addition, because individual CVRFs vary
throughout the life course, single mea-
sures of CVRFs may not reflect usual lev-
els or cumulative burden, which could
more accurately estimate the effects of
these risk factors over several decades.

The Bogalusa Heart Study (BHS) is unique
in having repeatedly measured prospectively

collected CVRFs starting in childhood
among men and women and extending
over 40 years through midlife. In this study,
we use data from the BHS to compare the
childhood, young life, and midlife CVRFs;
their cumulative burden; and rates of
change since childhood in men and women
with and without diabetes.

RESEARCH DESIGN AND METHODS

The BHS is a series of long-term studies
initiated in 1973 and designed to in-
crease our understanding of the early
natural history of CVD since childhood
(17). Between 1973 and 2016, 9 cross-
sectional surveys of children 4-18 years of
age and 11 surveys of adults 19-58.1 years
of age who had been previously examined
as children were conducted in the semi-
rural biracial (65% white and 35% black)
community of Bogalusa, Louisiana. This
panel design of repeated cross-sectional
examinations conducted approximately
every 3—4 years resulted in serial ob-
servations from childhood to adulthood
and allowed an evaluation of the cumu-
lative burden of CVRFs beginning in child-
hood. We used the area under the growth
curve (AUC) to measure the cumulative
burden of CVRFs from childhood to adult-
hood. Since the growth curves of some
CVRFs are cubic models, a minimum of four
measurements are needed. Therefore,
we included 1,530 adults (1,020 whites
and 510 blacks; 42.9% men; 42.6 years
at follow-up, with a range of 20.1-56.9
years) who had been examined for the
studied CVRFs, including BMI, systolic/
diastolic blood pressure (BP), total cho-
lesterol (TC), triglyceride (TG), LDL choles-
terol (LDL-C), HDL cholesterol (HDL-C), and
fasting plasma glucose (FPG) 4-16 times
(8 times on average; at least 2 times in
childhood and at least 2 times in adult-
hood). In all, 86% of subjects were ex-
amined for these CVRFs 612 times. The
mean follow-up period was 33.1 years.
Participants with a baseline diabetes di-
agnosis were excluded from this analysis.

Written informed consent was obtained
from parents or guardians in childhood
and from the participants themselves in
adulthood. Study protocols were ap-
proved by the Institutional Review
Board of the Tulane University Health
Sciences Center (395283-3).

Measurements
Standardized protocols were followed by
trained personnel across all surveys.
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Participants were instructed to fast for
12 h before the screening. For each
participant, replicate measurements of
height and weight were obtained, and
the mean values were used for analysis.
BMI was calculated as weight in kilograms
divided by height in meters squared.
BP was measured between 8:00 and
10:00 AM. on the right arm in a relaxed sit-
ting position by two trained technicians
(triplicate each), using mercury manom-
eters. Arm measurements, length and
circumference, were made during the ex-
amination to ensure proper cuff size. The
fourth Korotkoff phase was used for diastolic
BP in children and adults to avoid bias re-
sulting from using different phases for di-
astolic BP. The six readings were averaged.

Biochemical Laboratory Measurements
Between 1973 and 1986, TCand TG levels
were determined with Technicon Auto
Analyzer 1l (Technicon Instrument Corp.,
Tarrytown, NY) according to the labora-
tory manual of the Lipid Research Clinics
Program (18). From 1987, these variables
were measured using an Abbott VP in-
strument (Abbott Laboratories, Abbott
Park, IL) by enzymatic procedures (19,20).
Both chemical and enzymatic procedures
met the performance requirements of
the Lipids Standardization Program of the
Centers for Disease Control and Prevention.
Measurements on Centers for Disease
Control and Prevention—assigned qual-
ity control samples showed no consis-
tent bias over time within or between
surveys. Serum lipoprotein cholesterol
levels were analyzed by using a combi-
nation of heparin-calcium precipitation
and agar-agarose gel electrophoresis pro-
cedures (21). Between 1978 and 1991, FPG
was determined with a glucose oxidase
method using a Beckman Glucose Ana-
lyzer (Beckman Instruments, Fullerton,
CA). Since 1992, FPG has been measured
enzymatically as part of a multichemistry
profile. Between 2014 and 2016, HbA,.
was measured with high-performance
liquid chromatography using an NGSP-
certified automated analyzer.

Statistical Analysis

All statistical analyses were performed
with SAS version 9.2 (SAS Institute Inc.,
Cary, NC). Individuals were classified as
having diabetes based on an FPG con-
centration =7.0 mmol/L (126 mg/dL)
or the use of insulin or oral antidiabetic
medications in accordance with 2018 Amer-
ican Diabetes Association criteria (22). In
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the sensitivity analysis, diabetes was also
defined as an FPG concentration of =7
mmol/L or HbA;. =6.5% (48 mmol/mol)
or the use of insulin or oral antidiabetic
medications.

The first and last measurements of
CVRFs were used as childhood and adult-
hood values, respectively. Because of
positively skewed distribution, TGs
were natural log transformed. The cu-
mulative risk burden of CVRFs from
childhood to adulthood was measured
as the AUC, which was calculated using
statistical models previously described
(23). Growth curves of CVRFs measured
repeatedly from childhood to adulthood
were constructed for each race and sex
group using a random-effects model in
SAS Proc MIXED. Three different models
were fitted that included 1) age only, 2)
age and its quadratic term, and 3) age
and its quadratic and cubic terms. Age
and its higher-order terms were included
one by one for model building. Age was
centered to the mean age (23.5 years) to
minimize the collinearity of age with its
higher-order terms. The term age squared
was divided by 10 and age cubed by 20 to
improve the model fit (24). The mixed
model incorporates fixed and random
effects and allows the intercept, linear,
and nonlinear parameters to vary from
individual to individual. The random-
effect coefficients represent the difference
between fixed population parameters and
the observed values for individuals. This
model allows for repeated measurements
and different numbers of unequally spaced
observations across individuals. The mixed
linear model computes maximum likeli-
hood estimates of curve parameters for
all of the study participants. Model se-
lection was based on the Akaike infor-
mation criterion. The most parsimonious
growth curve model was selected. The
higher-order terms of age would not be
included in the equation if they were not
at or below the significance level of 0.05,
if they made lower-order terms not
significant, or if they did not improve
the goodness-of-fit of the model. A cubic
curve was fitted for systolic/diastolic BP
and TC. A quadratic curve was fitted for
BMI, TG, and LDL-C. A linear model was
fitted for HDL-C and FPG. The AUCs were
calculated by adopting an integral cal-
culus formula based on the fixed and
random-effect parameters of the growth
curve model during the follow-up pe-
riod for each subject and divided by the

number of follow-up years of each in-
dividual. The AUC measures have advan-
tages over other longitudinal analysis
models in that they measure cumulative
burden. The linear change of each stud-
ied CVRF over age (hence, the rate of
change) was calculated as the sum of the
fixed and random coefficient of age for
each individual.

Two-way ANCOVA with sex and di-
abetes status as the two main effects was
performed to test for differences in the
means of CVRFs and curve parameters.
Bonferroni correction was applied to
adjust P values for multiple compari-
sons. Statistical interactions for sex by
follow-up diabetes status in their asso-
ciation with CVRFs were computed using
generalized linear models to determine
whether changes in means between
those individuals in whom diabetes de-
veloped and those in whom it did not
differed by sex. Significance was ac-
cepted at a two-tailed P value of <0.05.

RESULTS

The representativeness of the study pop-
ulation participating in the study was
examined by comparing the baseline
differences between participants and
nonparticipants (Supplementary Table
1). Participants were a little younger
and more often female than nonpartici-
pants, which is common among long-
term observational studies (25). Similar
race and studied CVRFs were observed.

Major CVRFs measured from child-
hood to adulthood in the study cohort
are presented in Table 1 by diabetes
status, separately for men and women.
At the earliest measurement, in child-
hood, no significant differences were
seen for men and women in any of
the studied CVRFs between those indi-
viduals in whom diabetes developed
later in adulthood and those in whom
it did not. Differencesin all studied CVRFs
as well as the prevalence of metabolic
syndrome (MetS), a good summary of
the burden of CVRFs, between those in
whom diabetes developed and those
in whom it did not were comparable
between men and women (test for sex
by diabetes status interaction was not
significant). In middle-aged adults, both
men and women with diabetes had sig-
nificantly higher BMI, TG, FPG, and prev-
alence of MetS and lower HDL-C levels
than their counterparts in whom diabe-
tes did not develop. Diabetes status was
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associated with higher systolic/diastolic
BP in women but not in men. Men who
did not have diabetes had significantly
higher systolic/diastolic BP, TG, and prev-
alence of MetS and lower HDL-C than
women who did not have diabetes, but
the magnitude of differences in these
CVRFs and the prevalence of MetS be-
tween men and women in whom diabe-
tes developed were less marked. Among
women, those in whom diabetes devel-
oped in adulthood had more adverse
changesinTC, LDL-C,and FPG over time.
As expected, more women in whom
diabetes developed experienced MetS.
There was strong statistical evidence for
sex difference in the association among
TC, LDL-C, FPG, and the prevalence of
MetS with eventual development of
diabetes (P values <0.05 for effect
modification of sex on the relationship
between these CVRFs and the later di-
abetes status). The AUC values of all the
studied CVRFs showed significant differ-
ences by diabetes status except for AUCs
of TC and LDL-C among men. The differ-
ence in cumulative exposure burden
represented as AUCs of TC and LDL-C
among women with diabetes compared
with women without diabetes was sig-
nificantly greater than for their male
counterparts (the P interaction terms
for sex with diabetes status were
0.0066 for TC and 0.0016 for LDL-C,
respectively). Men in whom diabetes
did not develop in adulthood had signif-
icantly higher AUC values of systolic/
diastolic BP and TG, and lower HDL-C
than women in whom diabetes did not
develop. However, there was no sta-
tistically significant evidence for sex
differences by diabetes status in the
associations of these CVRFs from child-
hood to adulthood. For BMI, women in
whom diabetes went on to develop ex-
perienced much larger changes in cumu-
lative exposure to adiposity over time
than men in whom diabetes went on
to develop. This was demonstrated by
significantly greater differences in the
AUCs of BMI between women in whom
diabetes developed versus those in whom
it did not develop compared with men in
whom diabetes developed versus those in
whom it did not develop (test for the ef-
fect of sex on the relationship between
BMI and diabetes status interaction P =
0.0148). Similarly, there was a greater
difference in AUCs for FPG among women
in whom diabetes developed in adulthood
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Figure 1—Differences in mean values of studied CVRFs at the age of 23.5 years according to diabetes status at follow-up in men and women. Diabetes is
defined as having an FPG concentration of =7 mmol/L or using insulin or oral antidiabetic medications in accordance with 2018 American Diabetes
Association criteria. P values are interactions of sex by diabetes status. DBP, diastolic BP; SBP, systolic BP.
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and women in whom diabetes did not
develop compared with comparable groups
of men, with statistically significant sex
interactions for FPG (P = 0.0011).

The sum of the fixed and random
intercepts of each studied CVRF equals
the respective CVRF level at the age of
23.5 years because age was centered to
this mean value. As shown in Fig. 1, it
is noteworthy that the differences in
BMI, TC, LDL-C, and FPG in women in
whom diabetes developed versus those
in whom it did not develop become

significantly greater than the difference
between the comparable groups of men
(test for sex X diabetes status interaction
P values <0.05) as early as 23.5 years
of age.

Rates of change in studied CVRFs from
childhood to adulthood by sex and even-
tual diabetes status are summarized in
Table 2. Among those in whom diabetes
did not develop, men had significantly
faster rates of change in all studied vari-
ables except for BMI and FPG than women.
Among women, the rates of change in all

studied CVRFs except for TC, LDL-C, and
HDL-C were significantly faster for those in
whom diabetes went on to develop com-
pared with those in whom it did not. Al-
though absolute levels were not higher,
women in whom diabetes developed had
greater relative differences in rates of change
in systolic BP, TC, LDL-C, and HDL-C than men
in whom diabetes developed when com-
pared with their counterparts in whom
diabetes did not develop (sex interaction
P values <0.05). The difference in the rates
of change in BMI and FPG were much more

Table 2—Mean levels of rates of change in studied CVRFs over a mean follow-up time of 33.1 years in men and women according

to diabetes status at follow-up

Men Women Women vs. men

Without With Without With P (Without P (With

diabetes diabetes P value* diabetes diabetes P value* diabetes) diabetes) P interaction§
BMI 0.42 = 0.01 0.53 = 0.02 <0.001 0.41 = 0.01 0.62 = 0.03 <0.001 0.9863 0.0174 0.0011
SBP 0.34 = 0.02 0.43 = 0.05 0.3850 0.13 = 0.02 0.36 = 0.06 <0.001 <0.001 0.416 0.0063
DBP 0.75 £ 0.01 0.85 = 0.04 0.0199 0.44 = 0.01 0.60 = 0.03 <0.001 <0.001 <0.001 0.179
TC 2.21 = 0.05 2.07 £ 0.16 0.52 1.29 = 0.03 1.52 = 0.12 0.3339 <0.001 0.0048 0.0323
Ln TG 0.03 = 0.001 0.04 = 0.001 0.0006 0.01 = 0.001 0.02 £ 0.001 <0.001 <0.001 <0.001 0.6154
LDL-C 1.62 * 0.04 1.44 * 0.10 0.2459 1.11 = 0.02 1.27 = 0.07 0.3573 <0.001 0.7332 0.0055
HDL-C —0.53 £ 0.01 —0.49 * 0.04 0.7967 —0.27 = 0.01 —0.32 = 0.02 0.3016 <0.001 0.0003 0.0235
FPG 0.01 £ 0.001 0.10 = 0.01 <0.001 0.01 = 0.001 0.13 = 0.01 <0.001 0.5388 <0.001 <0.001

Values are the mean * SE, unless otherwise indicated. DBP, diastolic BP; SBP, systolic BP. Diabetes is defined as having an FPG concentration
of =7 mmol/L or using insulin or oral antidiabetic medications in accordance with 2018 American Diabetes Association criteria. *P value for difference
between those with diabetes and those without diabetes. §Interaction of sex by diabetes status.
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Figure 2—Differences in race-adjusted mean levels of studied CVRFs measured since childhood in men and women according to diabetes status at
follow-up. Diabetes is defined as having an FPG concentration of =7 mmol/L or using insulin or oral antidiabetic medications in accordance with
2018 American Diabetes Association criteria. P values are interactions of sex by diabetes status. SBP, systolic BP.

striking for women in whom diabetes
went on to develop compared with men
(P interaction term for sex differences by
diabetes status was 0.0011 for rates of
change in BMI and <0.001 for rates of
change in FPG, respectively).

As shown in Fig. 2, sex differences for
associations with adulthood TC; LDL-C;
FPG; AUC levels of BMI, TC, LDL-C, and
FPG; rates of change in BMI, systolic BP,
TC, LDL-C, HDL-C, and FPG; and young
adulthood BMI, TC, LDL-C, and FPG
changed little with adjustment for race.
The sex interaction for these parameters
remained even after further adjustment
for lipid-lowering, BP-lowering, and anti-
diabetic medication use (Supplementary
Table 2). Further adjusting for parental
diabetes history and adult smoking and
alcohol use, qualitatively similar results
were observed (Supplementary Fig. 1).

In each of the BHS race groups (black
and white), the differences between
those in whom diabetes developed
and those in whom it did not develop
were greater in women than in men for
adulthood TC, LDL-C, and FPG; AUC levels
of BMI, TC, LDL-C, and FPG; rates of
change in BMI, systolic BP, TC, LDL-C,
and FPG; and young adulthood BMI, TC,
LDL-C, and FPG (data not shown).

Since participants who have received
antihypertensive or lipid-lowering ther-
apy represent a subgroup with the high-
est BP or lipid levels or with a high risk for
the development of diabetes, we did not
exclude these individuals. To avoid the
effects of treatment on BP and lipid
levels, two sensitivity analyses were per-
formed. First, BP and lipid values were set
as missing for participants who were
taking antihypertensive or lipid-lowering

medications at the time of the examina-
tions, and the remaining values were used
for analysis (Supplementary Fig. 2). Second,
forced values of 140/90 mmHg were as-
signed to the measured systolic/diastolic
BP for hypertensive patients under treat-
ment, and values of 240 and 160 mg/dL were
given for the measured TC and LDL-C levels
for patients with dyslipidemia receiving
lipid-lowering treatment (Supplementary
Fig. 3). The results of the sensitivity anal-
yses were qualitatively similar.

Results were remarkably similar when
diabetes was defined as having FPG =7
mmol/L or HbA;. =6.5% (48 mmol/mol)
or as the use of insulin or oral antidiabetic
medications (Supplementary Tables 3-5).

CONCLUSIONS

In this longitudinal study spanning >40
years from childhood to adulthood, we
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identified significant sex differences in
the major CVRFs among men and women
in whom diabetes developed and did not
develop over the follow-up period. Our
findings that women in whom diabetes
develops, compared with men, experi-
ence greater changes in the cumulative
burden of CVRFs and faster rates of
change over time, which likely contribute
to their higher absolute risk of CVD
events, have important public health
implications.

CVRFs are identifiable in childhood and
are predictive of adult CVD risk (12-16).
However, data on sex differences in
major CVRFs between individuals in
whom diabetes did and did not develop
spanning the periods of childhood and
young adulthood have been lacking. Our
study supports and extends previous
work by examining sex differences in
childhood, young adulthood, and midlife
CVRFs between those in whom diabetes
did and did not develop. Our findings are
in keeping with the notion that women
require more metabolic disturbances
than men to transit from normoglycemia
to a deranged glycemic state. As women
transit from normoglycemia to diabetes,
they put on more weight and experience
deteriorations in their lipid and glycemic
profiles (higher levels of TC, LDL-C, and
FPG), and thus a higher prevalence of
MetS, to a greater extent than do men.
Importantly, despite the observed similar
pattern extending back into young adult-
hood, detectable as early as the age of
23 years, the differences (despite no
statistical significance) in girls in whom
diabetes developed versus those in
whom it did not develop were greater
than in comparable groups of boys in
systolic BP (1.79 vs. 1.76 mmHg), dia-
stolic BP (0.72 vs. 0.38 mmHg), TC
(5.94 vs. —2.13 mg/dL), LDL-C (4.04 vs.
0.12 mg/dL), and prevalence of MetS
(10.4% vs. 9.4%). These findings charac-
terize that sex differences in CVRFs and
the prevalence of MetS between indi-
viduals in whom diabetes did and did not
develop actually tracked back even into
childhood.

This is, to the best of our knowledge,
the first study to report differences be-
tween the cumulative burden of major
CVRFs, which can more accurately cap-
ture persistence, longitudinal exposure,
and rates of change in major CVRFs since
childhood between individuals in whom
diabetes did and did not develop. It is clear

from emerging evidence that cumulative
exposure to high levels of these CVRFs
could impact subclinical outcomes such as
carotid intima-media thickness and left
ventricular hypertrophy (12-16), which
are valid surrogate end points with which
to assess CVD (26,27). A growing body of
evidence has shown that rapid weight gain
is predictive of related CVD risk (28-31). In
the current study, women in whom di-
abetes developed had more marked dif-
ferences in rates of change in BMI, systolic
BP, TC, LDL-C, HDL-C, and FPG from child-
hood than men in whom diabetes de-
veloped when compared with their
counterparts in whom diabetes did not
develop. Differences between the long-
term cumulative burden of exposure,
represented as the AUC of BMI, TC,
LDL-C, and FPG since childhood, between
those in whom diabetes did and did not
develop were more pronounced in
women than in men. The greater differ-
ential cumulative burden of and rates of
change in BMI, TC, LDL-C, and FPG as-
sociated with the development of di-
abetes in women compared with men
is highly likely to contribute to the stron-
ger impact of diabetes on CVD risk in
women and begins as early as late ad-
olescence and early young adulthood.
Therefore, the observation that diabetes
confers a greater risk for CVD in women
compared with men is likely to result
from a clustering of more exposure bur-
den of CVRFs in women with diabetes
(from which diabetes is an epiphenom-
enon), rather than the deleterious effect
of diabetes itself.

In the current study, men in whom
diabetes did not develop tended to
have a higher burden of CVRFs and faster
rates of change in systolic/diastolic BP,
TC, TG, LDL-C, and HDL-C from childhood
than their female counterparts. These
faster rates of change in CVRFs in men
without diabetes may result in a higher
burden of CVRFs, which was noted in the
present data. Available evidence indicates
that a rapid increase in systolic/diastolic
BP in childhood is a potent risk factor for
adult hypertension and left ventricular
hypertrophy (32,33). Further, a rapid
increase in BMI independently predicted
anincreased risk of diabetes (34). Hence,
the relatively faster rates of change in
CVRFs since childhood, thus inducing a
worse CVRF burden in men in whom
diabetes did not develop compared with
the burden in women in whom diabetes
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did not develop, may induce a higher
absolute CVD risk in men in whom di-
abetes did not develop and lower the
magnitude of the relative risk for CVD
events among men in whom diabetes
developed. These observations reinforce
the idea that developing prevention
and intervention strategies for these
CVRFs earlier in childhood and increas-
ing the intensity of prevention efforts
among boys and girls might be effective
in reducing the diabetes risk burden
among mid-life adults, both men and
women.

Determinants of the observed sex
differences in rates of change in CVRFs
remain largely unknown. Childhood
growth and development undergo con-
secutive, programmed periods with hor-
mones that may play a major role. The
sexual maturation process during the
adolescence period is characterized
by a complex interplay among various
gonadal and adrenal steroid hormones,
growth hormones, and growth factors. It
is well known that regional adipose tissue
distribution as well as patterns of visceral
fat deposition are different between men
and women (35). Further studies are
needed to explore how early-life growth
and development programming or how
fat distribution influences CVRFs and
then alters adult glucose levels.

The strengths of our study include a
well-characterized cohort with carefully
prospectively collected follow-up data
from childhood to adulthood. In addition,
the repeated measures of CVRFs (at least
two times in childhood and at least two
times in adulthood) allow for reliable
evaluation of the cumulative burden
of exposure (represented by AUC) and
rates of change in CVRFs. Furthermore,
there was a vigorous quality assurance
program and the application of the same
stringent methodology used to ensure
the quality of the data collection over the
entire study period.

Although our study is unique in having
life-course data on CVD risk profiles
among men and women, its limitations
alsorequire careful consideration. First, a
standard 75-g oral glucose tolerance test
was not performed, which might suggest
an underestimation of the prevalence
of diabetes. Second, the sample is based
in a semirural community of African and
European ancestry; therefore, the results
may not be generalizable to other groups
not studied, for example, Hispanics in an
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urban environment. Finally, this is an
observational study, not a randomized
controlled trial, and although it repre-
sents our best evidence to date, the
findings are subject to residual confound-
ing, such as other lifestyle factors, and
measurement error, as with all observa-
tional studies.

In summary, our study takes advan-
tage of a unique data set to demon-
strate that women during the transition
from normoglycemia to diabetes expe-
rienced more severe deterioration in
multiple CVRFs from young to mid-aged
adulthood, a higher burden of expo-
sure to multiple CVRFs from childhood
to midlife, and greater change in rates
of multiple CVRFs since childhood than
men during the same transition. The
combined effect of these multiple CVRFs
in women with diabetes may explain the
stronger impact of diabetes on cardio-
vascular events in women compared
with men. Preventive strategies for car-
diovascular risk and diabetes should
include a focus on early life and young
adulthood when these changes can ini-
tially be detected.
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